The aim of this study was to determine the nutrient and energy levels of red clover and lucerne forage. Investigation of forage at different maturity stages of three growths was carried out by chemical analysis, in vitro and in vivo digestibility methods. Generally, maturation caused a significant increase in fibre fractions. With the increasing maturity of forage samples the in vivo, in vitro, and calculated in vivo (in vivo calcul ) digestibilities of organic matter (OM) linearly decreased. The in vitro and in vivo calcul digestibilities of OM averaged 0.754 and 0.708 for red clover and 0.717 and 0.667 for lucerne, respectively. The in vivo OM digestibility averaged 0.710 for red clover and 0.666 for lucerne. Gross energy (GE), digestible energy (DE), metabolizable energy (ME), net energy for lactation (NEL), and net energy for growth (NEG) averaged 18.12, 12.41, 9.60, 5.67, 5.50 and 18.09, 11.56, 9.01, 5.26, 4.99 MJ/kg of dry matter for red clover and lucerne, respectively. The effect of a vegetative stage on energy values of both forages was diverged for various growth times. When data were pooled across the estimated season, seven cutting-specific equations for descriptions of GE, DE, ME, NEL, NEG, in vitro, and in vivo OM digestibilities were obtained for red clover and lucerne, separately. The red clover model expression gave similar prediction equations for lucerne. It was possible to predict cutting-specific equations with coefficients of determination R 2 > 0.719 for red clover and R 2 > 0.400 for lucerne of the variation in GE, DE, ME, NEL, and NEG. The in vitro and in vivo OM digestibility equations were predicted with R 2 being 0.840 (in vitro) and 0.707 (in vivo) for red clover, and 0.979 (in vitro) and 0.937 (in vivo) for lucerne. The parameters of these specific equations were statistically preferable than the general model expression which included both forages together.
Dairy cattle nutrition can be defined broadly as the use of the feed components for the processes of maintenance, growth, reproduction, lactation, and health (Drackley et al., 2006) . The net energy of lactation (NEL) of forages is important for formulating the diets of ruminants (Belyea et al., 1999) . For optimal milk production from lactating dairy cows, therefore, knowledge of the efficiency of energy utilization by ruminants (Johnson et al., 2003) and, consequently, of the nutritional quality of forage is indispensable.
Forage quality is affected by a combination of numerous factors such as stage of maturity of forage, forage species, environmental conditions (locality of growth, temperatures, and precipitations), and agronomic treatments including storage conditions (Dubbs et al., 2003; Pozdíšek and Vaculová, 2008; Tyrolová and Výborná, 2008; Jančík et al., 2009 ). Low-quality forage often does not provide enough energy to adequately maintain cows during lactation (Baumann et al., 2004) . Several authors (Buxton, 1996; Van Soest, 1996; Dubbs et al., 2003; Jančík et al., 2010 and others) mentioned temperature, light intensity, water availability, altitude, seasonal changes, weather, and the maturity stage of plants as factors influencing forage quality. Some authors (Hunt et al., 1989; Bal et al., 1997) have investigated the time of harvest for assessing the optimal maturity stage of the plant concerning nutrient content and digestibility.
Forage quality can also be subject to the fibre characteristics of forage (Scarbrough et al., 2001) , because the nutritive value of forages for ruminants highly depends on the ratio between cell content and cell walls and on the ability of the rumen microorganisms to degrade the plant cell walls (Waldo, 1986) . The fibre fraction makes up an important part of the ruminant diet and originates mainly from plant cell walls that consist of a variety of structural polysaccharides, often cross-linked with proteins and phenolic components, particularly with lignin, which is also prevalent in the cell wall. The main polysaccharides of the plant cell wall are cellulose, various hemicelluloses, and pectic polysaccharides. The noncarbohydrate phenolic polymer lignin can be described as a multibranched network consisting of phenyl propane units (Hindrichsen et al., 2006) . With increasing maturity, the proportion of cell wall components (cellulose, hemicellulose, and lignin) of the forage increases, whereas the proportion of cell contents decreases (Bosch et al., 1992) . The digestibility of forage is the highest in the vegetative stages due to variation in cell/ wall content and the stem/leaf ratio with increasing maturity (Terry and Tilley, 1964) . The rate of decline in digestibility with increasing maturity also depends on annual average temperatures (Wilson et al., 1991) and on the species (Bargo et al., 2003; Gallardo et al., 2005) .
The aim of the present study was to determine nutritive data from the set of red clover and lucerne samples of different forage-maturity stages and to predict the equations for estimating of (1) fibre fractions in relation to the effect of maturing proceeding, (2) feed energy values, and (3) digestibility of red clover and lucerne. The nutritional value of red clover and lucerne was estimated by chemical analyses, in vivo and in vitro organic matter digestibility methods. It was hypothesized that the extent of organic matter digestibility would be in response to different maturity stages and growths.
MATERIAL AND METHODS

Forage sampling
Forage samples of one growing season originated from two fields (red clover field, lucerne field) of the Institute of Animal Science in Prague-Uhříněves, Czech Republic (50°2'17.996''N, 14°37'30.289''E) . Twelve samples of red clover (Trifolium pratense L., variety Kvarta) were collected from the first growth (n = 4), second growth (n = 4), and third growth (n = 4) of the same sward. Twelve samples of lucerne (Medicago sativa L., variety Palava) were collected during the same vegetative period also as the first growth (n = 4), second growth (n = 4), and third growth (n = 4) of the same sward. The developmental stages and morphological descriptors for red clover and lucerne forages can be found in Tables 1 and 2. The average annual temperature was 8.9°C and total annual rainfall made up to 626 mm (see Figure 1 ). The altitude of the field was 240 m. For soil fertilization, 40 kg/ha per year of P 2 O 5 and 60 kg/ha per year of K 2 O were used. 
Chemical analyses
Dry matter (DM) was obtained from drying of chopped fresh material at 45°C according to Harazim et al. (1999) . Dried material was subsequently milled to pass through a one-millimetre sieve for laboratory analyses. Ash-free concentration of neutral-detergent fibre (NDF) was determined according to the methods described by Van Soest et al. (1991) , and ash-free concentrations of acid-detergent fibre (ADF) and acid-detergent lignin (ADL) were determined according to AOAC Official Method 973.18 (AOAC, 2005) . Crude protein (CP) was analyzed according to the Kjeldahl method, as N × 6.25 (AOAC, 2005) . Ether extract (EE) was determined using Soxtec extraction with petroleum ether and crude fibre (CF) according to AOAC (2005) . Ash was determined after 4.5 h of combustion at 550°C. Then, non-structural carbohydrates (NSC) were calculated as 1000 -(NDF + CP + EE + ASH) according to Van Soest et al. (1991) . Fick and Mueller (1989) and Skinner and Moore (2007) In vitro procedure
In vitro organic matter (OM) digestibility was determined using an enzyme cellulase technique (Homolka, 1994) . The samples were weighted into the filtration crucibles of a 40 ml capacity. Samples were first treated with pepsin-HCl and incubated at 39°C for 24 h. Samples were mixed up after 6, 22, and 24 h during this incubation period. This was followed by the incubation of samples at 80°C for 30 min. Then, the incubated samples were vacuum-filtrated and washed with hot distilled water. Then followed a 24 h incubation at 39°C by cellulase Trichoderma viride (5 g per 1 l of buffer, activity 0.9 FPU/mg) in acetate buffer (Dowman and Collins, 1982) ; samples were mixed up after 6 and 22 h during this incubation period. The non-solubilized residues were subsequently washed with hot water and then with acetone in order to extract any fat before determining the insoluble organic residue as having a difference in residue before and after combustion.
After in vitro procedure, results of in vitro and calculated in vivo (in vivo calcul ) digestibilities of OM were obtained. In vivo calcul values of the digestibility of OM were calculated using predicted regression equations y = 27.01 + (0.58 × in vitro cellulase digestibility of OM) for red clover and y = 10.07 + (0.79 × in vitro cellulase digestibility of OM) for lucerne (unpublished equations originated from authors' databases).
In vivo procedure
At each sampling, time chopped fresh samples (n = 24) were frozen until the in vivo trials. The in vivo metabolic trials were performed on four wethers (Merino breed, live weight 83 ± 9 kg) stabled in balance crates according to Vencl (1985) . The duration of 17 days for each trial was divided into two periods: 10 days for the adjustment and 7 days for the main experimental period. The feed ration was offered twice a day, at 6 a.m. and at 6 p.m. The animals had free access to drinking water.
During the main in vivo experimental period, feeding intake and the amount of residual feedstuff and faeces were measured on a daily basis. The in vivo sheep digestibility of nutrients was calculated as
Digestibility = ((A -B)/A)
where: A = average daily intake of nutrients B = average quantity of undigested nutrients excreted
Energy calculations
Total heating value (gross energy; GE) was measured using a calorimeter IKA C 5000 control (IKA-Werke GmbH & Co. KG, Staufen, Germany). Digestible energy (DE), metabolizable energy (ME), net energy of lactation (NEL), and net energy of growth (NEG) were calculated according to Sommer et al. (1994) by the following equations 1-4:
NEL (MJ/kg) = ME × (0.463 + 0.24 × (ME/GE)) (3) NEG (MJ/kg) = ME × [((0.554 + (0.287 × (ME/GE))) × (0.006 + (0.780 × (ME/GE))) × 1.5)/ ((0.006 + (0.780 × (ME/GE))) + (0.554 + (0.287 × (ME/GE))) × 0.5)] (4)
Statistical analysis
Statistical analysis of the experiment was performed using the statistical programme of SAS (Statistical Analysis System, Version 9.1, 2003) . Correlation coefficients between variables were computed using PROC CORR and multiple regression analyses of determined variables were computed using the General Linear Models (GLM) standard procedure. The quality of the model for prediction equations to express fibre fractions in relation to the effect of vegetation period and growth was described with adjusted R-squared, multiple R-squared, and P-value. For comparison of the prediction equations it is better to use the modified value of adjusted R-squared, because it penalizes the number of variables used in the model.
Multiple regression equations for prediction of energy values (GE, DE, ME, NEL, and NEG) and digestibility of OM (in vitro, in vivo) were based on chemical analyses, type of forage (red clover or lucerne), and number of growth (first growth, second growth, third growth). Treatment means were compared by the Scheffe test at P < 0.05.
RESULTS AND DISCUSSION
The influence of season (growth time) and maturity stage on chemical composition (Table 3) from 854.7 to 908.8 and from 861.2 to 897.0 g/kg DM in red clover and in lucerne forages, respectively. On the average, in accordance with Belyea et al. (1999) , the CP content was higher for the first two vegetative stages than for the third and fourth vegetative stages of the growths. Protein value of forages is related to the stage of maturity (Rinne (Hoffman et al., 1993; Coblentz et al., 1998; Belyea et al., 1999; Elizalde et al., 1999; Koukolová et al., 2010) .
The energy values in MJ/kg DM are presented in Table 4 . Estimates of energy values (GE, DE, ME, NEL, and NEG) based on calorimeter determination were close to the typical tabulated values for energy in those feeds (Arieli et al., 1999) . There was no difference between red clover and lucerne for GE, DE, ME, NEL, and NEG. The GE, DE, ME, NEL, and NEG values for red clover were on average 18. 12, 12.41, 9.60, 5.67, and 5 .50 MJ/kg DM and in the same order for lucerne they were 18. 09, 11.56, 9.01, 5.26, and 4 .99 MJ/kg DM. Energy is provided from the cell wall carbohydrate (fibre), non fibre carbohydrates (starch and sugar), protein, and fat (VandeHaar and St-Pierre, 2006) . Metabolizable energy (ME) content of red clover and lucerne generally decreased as the growing season progressed (Table 4 ). This is in accordance with results of forage declared by Mountousis et al. (2011) . Our results showed that the energy values of DE, ME, NEL, and NEG were negatively correlated with fibre concentration (NDF, ADF, ADL, and CF). These energy values (DE, ME, NEL, and NEG) were correlated mainly to the CF, with correlation coefficients (r) ranging from -0.666 to -0.708 (P < 0.001) (not tabulated results).
Values for in vivo sheep digestibility of individual nutrients (DM, OM, EE, CP, CF, and GE), in vitro cellulase OM digestibility, and calculated in vivo digestibility of OM (in vivo calcul ) of red clover and lucerne are given in Table 5 . In general, the averaged digestibility of those individual nutrients was higher for red clover than for lucerne, except for CP. Digestibility of all the nutrients tended to decrease with the increasing maturity of red clover and lucerne, but significant (P < 0.05) influence of maturity stage on in vivo sheep digestibility was declared only for DM, CP, CF, and GE.
The average of in vivo sheep OM digestibility was 0.710 and 0.666 for red clover and lucerne, respectively. Comparing the previous in vitro method (in vitro cellulase method) with the in vivo sheep, OM digestibility seems to be in agreement with levels and tendencies for the effect of the maturity stage on OM digestibility. In vitro OM digestibility was generally higher than the in vivo OM digestibility, and noted the decreasing effect (P < 0.05) with increasing forage DM content.
In vivo digestibility of CP ranged from 0.689 to 0.864 and from 0.760 to 0.827 for red clover and lucerne, respectively. As in the experiment of Ribeiro et al. (2005) , the digestibility of CP tended to be higher than the digestibility of OM. Values for in vivo digestibility of CF differ between the types of forage (P < 0.01). In red clover, a higher coefficient of digestibility for CF (0.531 on average) than in lucerne (0.422 on average) was found. In vivo digestibility of GE of red clover and lucerne varied from 0.604 to 0.738 and from 0.575 to 0.679, respectively.
The in vitro and in vivo calcul digestibilities of OM averaged 0.754 and 0.708 for red clover and 0.717 and 0.667 for lucerne, respectively ( Table 5 ). The results of the in vitro technique were confirmed by the in vivo data of red clover and lucerne forages. In vitro cellulase OM digestibility results for red clover and lucerne ranged from 0.696 to 0.833 and from 0.648 to 0.797, respectively. In vitro cellulase OM digestibility achieved similar tendencies to in vivo OM digestibility, correlation coefficient r = 0.686 (P < 0.05) for red clover and r = 0.790 (P < 0.05) for lucerne (Table 6 ). The in vivo (P < 0.1) and in vitro (P < 0.01) techniques showed decreasing digestibility of OM and GE as the lucerne forage matured, and similar tendencies but with no significant effect were declared for red clover forage. The variation of in vivo and in vitro digestibility of OM and GE of red clover and lucerne are given in Figures 2 and 3 , respectively.
For the different maturity stages of red clover and lucerne in this experiment, the correlations between the energy values and in vivo sheep digestibility of individual nutrients were determined (Table 6 ). Significantly declared interactions (P < 0.05) for GE versus in vivo sheep digestibility of nutrients (DM, OM, EE, CF and GE) were detected only in lucerne. Rather different correlations (also negative, but not significant) between GE and in vivo sheep digestibility of the above mentioned nutrients of red clover feed were observed, which probably caused the differences in the DM content of red clover and lucerne forages (Table 3 ). In vivo sheep digestibility of CP of red clover was significantly (P < 0.05) correlated to DE (r = 0.787), ME (r = 0.654), NEL (r = 0.629), and NEG (r = 0.603). But in lucerne, the correlations (no significant results) between in vivo sheep digestibility of CP and ME, NEL, NEG were negatively correlated (r = -0.112, -0.104, -0.098, respectively). Significant effect (P < 0.05) of in vivo sheep digestibility of CF on energy values (DE, ME, NEL, NEG) was found for red clover. A strong significant effect (P < 0.0001) of in vivo sheep digestibility of OM, and in vivo sheep digestibility of GE on energy values (DE, ME, NEL, NEG) was found for red clover. Also for lucerne, a strongly significant effect (P < 0.0001) of energy values (ME, NEL, and NEG) in relation to in vivo sheep digestibility of OM and CF (Table 6 ) was found.
Comprehension of the effect of the first, second, and third growth means that, in general, the observed variables of red clover and lucerne varied for different growths, although the significance of this variation is statistically unconfirmable for these dates (Table 7) . A difference was found only for in vitro digestibility of OM (P < 0.05) for the first and the third growth in red clover feed. In vivo digestibility of OM of red clover exhibited a difference (P < 0.05) for the second and the third growth. In lucerne, a difference (P < 0.05) for GE in the first and second growth was found. In the study of Mountousis et al. (2011) GE was also affected (P < 0.001) by the growing season.
Prediction of the fibre fractions (NDF, ADF, and ADL) including the effect of vegetation period and growth (first growth, second growth, third growth) is in Table 8 . This shows the effect of NDF, ADF, and ADL on the digestibility and utilization of nutrients. Only NDF covering the effect of vegetation period and growth variables was significantly (P < 0.05) different for lucerne and red clover. The prediction equations explain 50.5, 62.3, and 42.3% of the NDF, ADF, and ADL variablity, respectively. In this way it is possible to specify the fibre fractions of different growths for lucerne and red clover, separately ( Predicted in vivo (in vivo calcul ) digestibility of OM (see Table 5 )
In vivo sheep digestibility of GE Figure 3 . Digestibility of organic matter (OM) and gross energy (GE) of lucerne Multiple regression produced the equations for each forage type (red clover, lucerne) to predict the coefficients of energy values (GE, DE, ME, NEL, and NEG) and digestibilities of OM (in vitro, in vivo) (Table 9 ). For this, we assumed that all the laboratory variables are needed to characterize those energy and digestibility parameters. Data were averaged across the vegetation period and growth number, and feed was the main effect and the residual error term in the model. Significance was declared at P < 0.05. There were predicted equations to estimate linear combinations of chemical composition (DM, OM, EE, CP, NDF, ADF, and ADL) and in vitro digestibility variance components in the model. The efficiency of the modelling for energy values (GE, DE, ME, NEL, and NEG) and digestibilities of OM (in vivo, in vitro) was estimated as 0. 719, 0.742, 0.774, 0.761, 0.748, 0.707, and 0.840 for red clover forage and 0.695, 0.400, 0.912, 0.899, 0.882, 0.937, and 0.979 for lucerne forage, respectively. Prediction errors for these treatments were: for red clover 0.383 (GE), 0.706 (DE), 0.523 (ME), 0.390 (NEL), 0.508 (NEG), 0.039 (in vivo), and 0.030 (in vitro), and for lucerne 0.547 (GE), 0.577 (DE), 0.29 (ME), 0.232 (NEL), 0.335 (NEG), 0.022 (in vivo), and 0.011 (in vitro), respectively.
Quite a number of studies (e.g. Gosselink et al., 2004; Rinne et al., 2006) have compared various in vitro methods for predicting forage OM digestibility. A variable performance of the in vitro methods can be influenced by several factors. Laboratory methods for estimation of digestibility parameters are difficult to standardize, therefore, the relationships between the in vitro methods and in vivo OM digestibility should be established in every laboratory and separately for different types of forages (Weiss, 1994) .
CONCLUSION
This study confirmed that the vegetative stage of different growth times affects the digestibility and energy values of observed red clover and lucerne and in vitro) in red clover and lucerne was better described by regression equations, different from growth times, than by overall forage equations. Equations expressing ADL for redclover and lucerne for different growths, separately:
Red clover ADL I = 76.3 -3.5 × VP ADL II = 84.6 -3.5 × VP ADL III = 94.1 -3.5 × VP Lucerne ADL I = 55.9 + 7 × VP ADL II = 64.2 + 7 × VP ADL III = 73.7 + 7 × VP NDF = neutral-detergent fibre, ADF = acid-detergent fibre, ADL = acid-detergent lignin I first growth, II second growth, III third growth statistically significant variables (P < 0.05) are given in bold I[variable = x] = variable is calculated if the value of variable is x VP takes the values 1-4 (see Table 1 ) Table 9 . Multiple regression equations to express energy values, in vivo organic matter (OM) digestibility, and in vitro OM digestibility based on chemical compositions and in vitro OM digestibility 
